Introduction
Fuzzy Logic (FL) concerns precision: How important is it to be perfectly right when a rough response will do (Z a d e h [1] , 1965)? A fuzzy set may have membership degrees between zero and one, as compared to the classical sets where each element must have either zero or one as a membership degree. The choice of FL presents an efficient and structural way of dealing with decisions involving parameters like ambiguity and inborn uncertainties of ecological processes and characteristics. A fuzzy expert system like an ordinary expert system uses FL methods. These systems use fuzzy data, rules and inference apart from those parameters found in the classical expert systems. In general, a fuzzy system consists of a knowledge base of a group of fuzzy if-then rules in the form of a database and an inference procedure, using these fuzzy rules and known facts to describe a result as described in [2] , 2008. A fuzzy decision support system uses FL into its calculation process and/or knowledge representation scheme as described by K a n d e l [3] . Because of the robustness of these systems, when uncertain and imprecise data is used, it allows the accumulation of disparate input variables in a dependable and reproducible way and is applied in a wide range of agricultural, ecological and environmental issues [4, 5] . Linguistic rules with inexact terms in a group are defined as a fuzzy rule base. As mentioned by S i l e r and B u c k l e y in [6] , depiction, processing and illustration of vague knowledge and uncertain data are the notable advantages of fuzzy theory. This theory can be applied to the development of knowledge based information systems.
Refrences review
A number of information systems have been developed in recent years using the application of FL in the area of agriculture and associated fields. Some of the systems include crop land suitability proposed by T. V. R e s h m i d e v i et al. [7] , running of biogas reactor on energy crops by P. S c h e r e r et al. [8] , managing water resources as mentioned by B. M a l e k m o h a m m a d i et al. [9] , irrigation systems described by P. J a v a d i K i a et al. [10] , yield behaviour using fuzzy cognitive maps proposed by E. I. P a p a g e o r g i o u et al. [11] , assessment of soil conditions in agro-eco systems proposed by D i e g o O. F e r r a r o [12] , planning of nutrient management for rice crops listedby D. K. S h a r m a and R. K. J a n a [13] , minimizing grain losses especially at position of straw walker and upper sieve by automatic adjustment and control of a harvester as proposed by M a h m o u d O m i d et al. [14] , studying land reallocation by T a y f u n C a y a n d and F a t i h I s c a n [15] , sustainability of soil productivity by N e v c i h a n D u r u et al. [16] , assessment of uncertainties in different management aspects of an environmental system by J. A. E. B. J a n s s e n et al. [17] , T a n g H u i l i et al. [18] , presented an agriculture disease diagnosis expert system using fuzzy reasoning and an Euclidean distance method which is used to calculate the comparability; efficient diagnosis results and reliabilities to fulfill the complexity of an agricultural disease problem. Mamdani Fuzzy Inference System (MFIS) was used to classify the productive trees based on yield, fruit length and visual appearance, and to produce a tree total quality map mentioned by S. M. M a z l o u m z a d e h et al. [19] . An exploratory study had been applied by P e n g X i a o h o n g et al. [20] , that builds a water-saving irrigation system using wireless sensor networks and fuzzy control technology. Localized weed prediction for control and management of weed infestation has been explored by A n d r e w C h o u and X i n g h u o Y u [21] . Most of the agricultural based information systems are having static behaviour pertaining to the use of knowledge base, reasoning and inference techniques [22] . To make a system, having dynamic behaviour, responding to these parameters, a novel technique of Fuzzy Rule Promotion (FRP) has been prescribed by S a v i t a K o h l e et al. [23] .
Material and methods
FRP technique, provided by S a v i t a K o h l e et al. [23] , has been defined for disease diagnosis in crops which uses the concept that every session used for firing a rule of a defined activity will enhance/reduce the confidence of a rule in a future session. The confidence factor is a quantitative value that defines the likelihood of the answer accurately identifying the desired activity. In this approach a weight/confidence factor of a rule is promoted/demoted according to its use during a successful/failure session for inferencing the final result for diagnosis of a disease in crops. In L. J a i n et al. [24] have mentioned that the error in estimation of the true value of weight/confidence factor (cf) of a rule varies the error in the promoted confidence factor at a linear rate. It may be due to the reason that the error may be due to the variation in cf defined by different experts. So it is realized that there must be some technique that can minimize the estimation of the error of cf with the iterative use of cf .
In the next section, a proposed modified approach to estimate the error in cf has been presented. It is statistically shown that the proposed approach reduces the error in the enhanced confidence factor of the rule that is available during the initial estimation of the rule confidence.
Rule promotion methodology
Rule promotion methodology (T1) works on the principle that with higher use of a rule in defining a particular activity, its confidence in giving an enhanced decision dynamically improves. This has been demonstrated using the following three equations 1, 2 and 3 in [22, 23] .
They have assumed that for a particular activity, say X 1 , having a set of n fuzzy rules, such as α 1 , α 2 , α 3 … α n , have confidence factors of 
Improvement in rule promotion approach
An original approach has provided a novel way to improve the confidence factor of a rule. The initial confidence factor of a rule must be provided by domain experts. There may be an error in the estimation of the confidence factor of a rule by the expert also. Various experts may have different values for a confidence factor of a rule. This has not been considered in the original approach. This indicates that there may be an error in the declaration/estimation of the confidence factor. The original approach does not focus on the issue how the error deviates during rule promotion. The present study has been undertaken to find out the reduction in the error of initially estimated confidence factor during subsequent rule promotions. In this study it has been found that there is a reduction in the error of the initially estimated confidence factor during the subsequent rule promotion using the original approach, which can be further reduced by improving the original approach using the accumulated error variation or uncertainties in the scaling factor to evaluate the weight factor. The overall variance of the error or uncertainty can be evaluated using the root sum square.
It is a known fact that the short-term and long-term precision errors must be calculated as a Root-Mean-Square (RMS) of the standard deviations of repeated measurements, as mentioned in C.-C. G l ü e r et al. [25] . The root mean sum of the square is the method to reduce the error around the mean value of frequency as readings are spread around the mean true value. To get RMS, the square root of the sum of squares of the observations, divided by the total number of observations (N) is considered. This RMS is a measurement of the error in each of the N observations. It shows how far an estimate of each measurement is from the mean one. This is not an overall error, but it is a typical error. The Root of the Sum of Squares (RSS) is related to RMS excluding the division by N. This type of a combination is used when the sources of errors are combined to determine the overall error. Also, it is a known fact that the aggregated uncertainty is calculated as the "square root of the sum of the squares" using the absolute uncertainties. This fact has motivated the current work to use RSS in rule promotion methodology to reduce the error in promotion of an initially estimated confidence factor. In (2), scaling of the promotion factor is obtained using (1) . In the proposed technique T2, scaling of the promotion factor can be obtained using RSS in (4) .
In the improved approach (T2), the weight factor (ϖ ) (1) of the rule with reference to the promotional frequencies (β i ) is defined as (4) 2 1 1 .
So that the logic sum of squares of promotion factors is always equal to one:
The other equations, viz (2) and (3) remain the same as proposed in [22, 23] .
Testing of a hypothesis
To test the proposed amendment in the error estimation, a database of diseases in rice and its symptoms has been prepared with the help of a plant pathologist [26] . A part of the dataset has been provided in Table 1 . Weight/confidence factor (cf) to symptoms has been assigned within the range from 0 up to 1. These weights have been provided in such a way that the confidence level of the symptoms describes the percentage of the chance for presence of a disease in a rice plant. A zero cf indicates that a rule has no confidence in this disease, which implies that the rule does not describe the disease. Factor cf having a value of one describes that the rule defines strongly the disease. The factor ϖ for each rule has been calculated using (4) for the improved method and using the existing (1) of the rule promotion method respectively. Factor pf of each rule is calculated and mentioned in Table 3 . Then, the factor pcf of the rule is calculated using (3) and listed in Table 4 .
As an example, a series of sessions for rule firing is given in Table 2 for Sheath Blight (the scientific name of Rhizoctonia Solani) disease, as described in S. K a g a l e et al. [27] . A data base has been prepared and a Rule ID has been defined for the symptoms of a disease as specified in Table 1 . Out of these rules, Rule 1011 up to Rule 1018 used consecutively for the diagnosis of the disease, have been listed in Table 2 . The factor ϖ for each rule has been calculated using (4) for the improved method and using the existing (1) of the rule promotion method respectively. The factor pf of each rule is calculated and mentioned in Table 3 . Then, factor pcf of the rule is calculated using equation (3) and listed in Table 4 . 
Evaluation of the proposed technique
It is assumed that there is ±10% error in the initial estimation of the weight (cf). The factor pf and pcf are calculated for the true value and with a variation of 10% in the cf of the rules, using (1), (2) and (3) of the existing technique (T1) and using (4), (2) and (3) for the proposed modified technique (T2) respectively. This has been shown in Table 5 . The results thus obtained are checked for an error with respect to its true value. The error in the factor pcf of each rule has been mentioned in Table 6 using the above mentioned equations. From Table 6 it can be concluded that the initial estimation error of 10% is reduced to 7.74% using the existing technique (T1) and it is reduced to 5.02% using the modified proposed technique (T2), which is applied to Rule 1011. Similarly, the error for the other rules has been calculated. Although there is reduction in the error using the proposed technique, the statistical significance of the error reduction in these two techniques for better disease diagnosis is further confirmed by the Analysis of Variance (ANOVA). The factor pcf for Rule 1011 has been taken from Table 7 and ANOVA (two-factor without replication) has been applied using the descriptive statistical tool of MS-Excel [28] . 
Results and future work
An improved approach has been statistically tested for significance and compared with the existing methodology using ANOVA and the results are shown in Table 8 .
As calculated, the F-value indicates that there is significant difference between the two techniques for Rule 1011 of the existing (T1) and the proposed (T2). Furthermore, the average promoted confidence factor over ten iterations being significantly less than the average of the existing technique confirms that the proposed technique is significantly better than the existing technique. It has been found that the deployment of the improved technique reduces the errors in the estimation of the confidence factor. In future the proposed technique will be implemented in the development of a web and mobile application for the dissemination of the Agricultural Information to the farmers and other stakeholders by implementing field level testing in real time situations.
R e f e r e n c e s
